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APPARATUS AND METHODS FOR UTILIZING A DOWNHOLE DEPLOYMENT 

VALVE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of co-pending U.S. Patent 
Application Serial No. 10/677,135, filed October 1, 2003, which is a continuation in 
part of U.S. Patent Application Serial No. 10/288,229, filed November 5, 2002, which 
are herein incorporated by reference in their entirety. This application is a 
continuation-in-part of co-pending U.S. Patent Application Serial No. 10/676,376, 
filed October 1, 2003, which is a continuation in part of U.S. Patent Application 
Serial No. 10/288,229, filed November 5, 2002, which are herein incorporated by 
reference in their entirety. This application claims benefit of U.S. Provisional Patent 
Application Serial No. 60/485,816, filed July 9, 2003, which is herein incorporated by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] Embodiments of the invention generally relate to methods and apparatus for 
use in oil and gas wellbores. More particularly, the invention relates to methods and 
apparatus for utilizing deployment valves in wellbores. 

Description of the Related Art 

[0003] Oil and gas wells typically begin by drilling a borehole in the earth to some 
predetermined depth adjacent a hydrocarbon-bearing formation. After the borehole 
is drilled to a certain depth, steel tubing or casing is typically inserted in the borehole 
to form a wellbore, and an annular area between the tubing and the earth is filed 
with cement. The tubing strengthens the borehole, and the cement helps to isolate 
areas of the wellbore during hydrocarbon production. 

[0004] Wells drilled in an "overbalanced" condition with the wellbore filled with fluid 
or mud preventing the inflow of hydrocarbons until the well is completed provide a 
safe way to operate since the overbalanced condition prevents blow outs and keeps 
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the well controlled. Overbalanced wells may still include a blow out preventer in 
case of a pressure surge. Disadvantages of operating in the overbalanced condition 
include expense of the mud and damage to formations if the column of mud 
becomes so heavy that the mud enters the formations. Therefore, underbalanced or 
near underbalanced drilling may be employed to avoid problems of overbalanced 
drilling and encourage the inflow of hydrocarbons into the wellbore. In 
underbalanced drilling, any wellbore fluid such as nitrogen gas is at a pressure lower 
than the natural pressure of formation fluids. Since underbalanced well conditions 
can cause a blow out, underbalanced wells must be drilled through some type of 
pressure device such as a rotating drilling head at the surface of the well. The 
drilling head permits a tubular drill string to be rotated and lowered therethrough 
while retaining a pressure seal around the drill string. 

[0005] A downhole deployment valve (DDV) located within the casing and operated 
through a control line may be used to temporarily isolate a formation pressure below 
the DDV such that a tool string may be quickly and safely tripped into a portion of 
the wellbore above the DDV that is temporarily relieved to atmospheric pressure. 
An example of a DDV is described in U.S. Patent Number 6,209,663, which is 
incorporated by reference herein in its entirety. Thus, the DDV allows the tool string 
to be tripped into the wellbore at a faster rate than snubbing the tool string in under 
pressure. Since the pressure above the DDV is relieved, the tool string can trip into 
the wellbore without wellbore pressure acting to push the tool string out. Further, 
the DDV permits insertion of a tool string into the wellbore that cannot otherwise be 
inserted due to the shape, diameter and/or length of the tool string. 

[0006] An object accidentally dropped onto the DDV that is closed during tripping of 
the tool string presents a potential dangerous condition. The object may be a 
complete bottom hole assembly (BHA), a drill pipe, a tool, etc. that free falls through 
the wellbore from the location where the object was dropped until hitting the DDV. 
Thus, the object may damage the DDV due to the weight and speed of the object 
upon reaching the DDV, thereby permitting the stored energy of the pressure below 
the DDV to bypass the DDV and either eject the dropped object from the wellbore or 
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create a dangerous pressure increase or blow out at the surface. A failsafe 
operation in the event of a dropped object may be required to account for a 
significant amount of energy due to the large energy that can be generated by, for 
example, a 25,000 pound BHA falling 10,000 feet in air. 

[0007] Increasing safety when utilizing the DDV permits an increase in the amount of 
formation pressure that operators can safely isolate below the DDV. Further, 
increased safety when utilizing the DDV may be necessary to comply with industry 
requirements or regulations such as standards that require a double barrier or 
redundant seals between the isolated formation pressure below the DDV and 
operators at the surface. 

[0008] Therefore, there exists a need for apparatus and methods that provide a fail 
safe operation when utilizing a DDV. There exists a further need for apparatus and 
methods that permit a DDV to maintain a closed position or at least a safe operating 
position in the event of a dropped object. 

SUMMARY OF THE INVENTION 

[0009] The invention generally relates to methods and apparatus for utilizing a 
downhole deployment valve (DDV) to isolate a pressure in a portion of a bore. Any 
combination of fail safe features may be used with or incorporated into the DDV 
such as redundant valve members, an upward opening flapper valve or a metering 
flapper below a sealing valve. In one aspect, a barrier or diverter located in the bore 
above a valve member of the DDV permits passage through the bore when the 
valve member is open and actuates when the valve member is closed. Once 
actuated, the barrier or diverter either stops or diverts any dropped objects prior to 
the dropped object reaching and potentially damaging the valve member. In another 
aspect, the tool string tripped in above the DDV includes an acceleration actuated 
brake that anchors the tool string to a surrounding tubular if the tool string is 
dropped. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] So that the manner in which the above recited features of the present 
invention can be understood in detail, a more particular description of the invention, 
briefly summarized above, may be had by reference to embodiments, some of which 
are illustrated in the appended drawings. It is to be noted, however, that the 
appended drawings illustrate only typical embodiments of this invention and are 
therefore not to be considered limiting of its scope, for the invention may admit to 
other equally effective embodiments, 

[0011] Figure 1 is a section view of a downhole deployment valve (DDV) in a closed 
position with a barrier assembly In an extended position to stop an object prior to 
contacting a flapper of the DDV. 

[0012] Figure 1A is a cross section of the barrier assembly across line 1A-1A in 
Figure 1 . 

[0013] Figure 2 is a section view of the DDV in Figure 1 shown in an open position 
with the barrier assembly in a retracted position to permit passage therethrough. 

[0014] Figure 3 is a section view of a diverter for use above a DDV and shown in a 
diverting position corresponding to a closed position of the DDV. 

[0015] Figure 3A is a cross section of the diverter across line 3A-3A in Figure 3. 

[0016] Figure 4 is a section view of the diverter in Figure 3 shown in an open 
position corresponding to an open position of the DDV. 

[0017] Figure 5 is a section view of a DDV system utilizing multiple flappers. 

[0018] Figure 6 is a section view of an acceleration actuated brake within a tool 
string shown in an unset position after tripping the tool string in above a closed DDV. 

[0019] Figure 7 is a section view of the acceleration actuated brake in Figure 6 
shown in a set position after dropping the tool string above the closed DDV. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0020] The invention generally relates to methods and apparatus for utilizing a 
downhole deployment valve (DDV) in a wellbore. The DDV may be any type of 
valve such as a flapper valve or ball valve. Additionally, any type of actuation 
mechanism may be used to operate the DDV. For example, the DDV may actuate 
between an open and closed position by fluid pressure or electric current supplied 
from a control line. 

[0021] Figure 1 illustrates a section view of a DDV 100 in a closed position with a 
barrier assembly 101 in an extended position. The barrier assembly 101 and the 
DDV 1 00 are disposed in casing, and the barrier assembly 1 01 may be an integral 
part of the DDV 100 or a separate component. As shown, a flapper 102 of the DDV 
100 rotates about pivot 112 to seal a bore 104 passing through the DDV 100, 
thereby isolating the formation pressure below the flapper 102 from the bore 104 
above the flapper 102. A tool string 106 is tripped into the bore 104 while the DDV 
100 is in the closed position. 

[0022] The barrier assembly 101 includes an outer housing 150 that connects into 
casing, an inner mandrel 152 having a cone section 154 therein, and stop members 
108 in contact with an inside of the mandrel 152 and biased outward toward the 
housing 150 by springs 156. As shown in Figure 1A, the springs 156 attach to the 
housing 150, pass through slots 158 in the mandrel 152 and attach to the stop 
members 108. The mandrel 152 moves relative to the housing 150 by selectively 
applying fluid pressure through a hydraulic control line 110 to either an upper port 
170 or a lower port 168. Since the stop members 108 do not move axially, the stop 
members 108 slide along the inside surface of the mandrel 152 during movement of 
the mandrel 152. In the extended position of the barrier assembly 101, fluid 
supplied to the lower port 168 enters a lower annular chamber 174 formed between 
a lower outward shoulder 164 on the mandrel 152 and a lower inward shoulder 166 
on the housing 150. The fluid pressure acts on the lower outward shoulder 164 and 
moves the mandrel 152 up to place the mandrel 152 in an upper position. In the 
upper position of the mandrel 152, the stop members 108 are located adjacent the 
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cone section 154 of the mandrel 152. Thus, the stop members 108 extend into the 
bore 104 since the stop members 108 are supported by a portion of the cone section 
154 with a decreased inner diameter when the mandrel 152 is in the upper position. 

[0023] In the extended position, the inside diameter of the bore 104 at the stop 
members 108 is less than the outside diameter of the tool string 106 or any other 
potentially dropped objects. Thus, the barrier assembly 101 prevents the tool string 
106 from passing below the stop members 108 when the barrier assembly 101 is in 
the extended position. In the event that the tool string 106 is dropped, the stop 
members 108 stop downward movement of the tool string 106 and prevent the tool 
string 106 from contacting the flapper 102 and damaging the DDV 100 since the 
barrier assembly 101 is located above the DDV 100. The barrier assembly 101 is 
maintained in the extended position as long as the DDV 100 is in the closed 
position. 

[0024] Figure 2 shows the DDV 100 in an open position and the barrier assembly 
101 in a retracted position. In the retracted position of the barrier assembly 101, 
fluid supplied to the upper port 170 enters an upper annular chamber 172 formed 
between an upper outward shoulder 162 on the mandrel 152 and an upper inward 
shoulder 160 on the housing 150. In operation, the fluid pressure acts on the upper 
outward shoulder 162 and moves the mandrel 152 down to place the mandrel 152 in 
a down position. As the mandrel 152 moves from the up position to the down 
position, the stop members 108 slide off the cone section 154 and bias by the spring 
156 against a portion of the mandrel 152 having a larger inner diameter than the 
cone section 154, thereby retracting the stop members 108. 

[0025] In the retracted position, the inner diameter of the bore 104 at the stop 
members 108 is sufficiently larger than the outer diameter of the tool string 106 such 
that the tool string 106 can pass through the barrier assembly 101 . Either the same 
actuator used to move the barrier assembly 101 between the extended and 
retracted positions or an independent actuator operated by the control line 1 1 0 may 
be used to actuate the DDV 100. For example, the mandrel 152 may extend down 
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to the flapper 102 such that the downward movement of the mandrel 152 also 
displaces the flapper valve 102 of the DDV 100. 

[0026] Figure 3 illustrates a section view of a diverter 301 shown in a diverting 
position. Similar to the barrier assembly 101 shown in Figures 1 and 2, the diverter 
301 is located above a DDV (not shown) to prevent any dropped objects capable of 
damaging the DDV from reaching the DDV. Thus, the diverter 301 is maintained in 
the diverting position as long as the DDV is closed. 

[0027] The diverter 301 includes a housing 312, a flapper 302 hinged to the housing 
312 and adjacent a seat 303 in the housing 312, a piston 308, and a lower, middle 
and upper diverter trough 304, 305, 306. Hinges 318 connect the upper diverter 
trough 306 to the piston 308, the diverter troughs 304, 305, 306 to each other, the 
lower diverter trough 304 to the flapper 302, and the flapper 302 to the housing 312. 
An increased inner diameter portion 313 of the housing 312 provides a piston cavity 
for the piston 308. Hydraulic lines 310 capable of selectively supplying fluid to 
opposite ends of the increased inner diameter portion 313 apply fluid pressures that 
act on the piston 308 accordingly to move the piston 308 relative to the housing 312. 
The hydraulic lines 310 may tie in with hydraulic lines used to actuate the DDV 
located below the diverter 301 such that the DDV and diverter 301 actuate together. 
While the hydraulic lines 310 are shown within the housing 312, the hydraulic lines 
310 may be external to the housing 312. Fluid pressure from the lines 310 to a port 
314 urges the piston 308 downward relative to the housing 312 and subsequently 
the diverter troughs 304, 305, 306 and flapper 302 which are all directly or indirectly 
connected to the piston 308. However, the flapper 302 can not move down relative 
to the housing 312 due to the hinge 318 between the flapper 302 and housing 312. 
Therefore, the flapper 302 rotates down onto the valve seat 303 and the diverter 
troughs 304, 305, 306 rotate in an accordion pattern to the diverting position as 
shown. Once seated in the valve seat 303, the flapper 302 receives loads from the 
diverter troughs 304, 305, 306. An inner concave surface 320 of the upper diverter 
trough 306 receives any dropped objects and diverts the dropped object toward the 
housing 312 since the upper diverter trough 306 in the diverting position is angled 
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relative to the longitudinal axis of the housing 312. Figure 3A illustrates the surface 
320 of the upper diverter trough 306 located within a bore 322 through the diverter 
301 when the diverter 301 is in the diverting position. The diverted object either 
wedges between the upper diverter trough 306 and the housing 312 and stops or is 
driven through the housing 312 into a surrounding formation. In either situation, the 
diverter 301 prevents damage to the DDV located below and avoids a dangerous 
well control situation since isolation of formation pressure is maintained by the DDV 
that is undamaged. 

[00281 Figure 4 shows the diverter 301 in an open position corresponding to an open 
position of the DDV. Fluid pressure supplied from the lines 310 to a port 316 raises 
the piston 308 relative to the housing 312 in order to place the diverter 301 in the 
open position. However, any type of actuating mechanism may be used to move the 
diverter 301 between the diverted and open positions. In operation, the piston 308 
pulls the upper diverter trough 306 and connected middle diverter trough 305, lower 
diverter trough 304 and flapper 302 upward relative to the housing 312. The upward 
movement causes the diverter troughs 304, 305, 306 and flapper 302 to move up 
against the wall of the housing 312 and into longitudinal alignment with the housing 
312 to open the bore 322 through the diverter 301 and place the diverter 301 in the 
open position. Thus, the bore 322 through the diverter 301 is open when the DDV is 
open, thereby allowing passage of a tool string (not shown) through the diverter 301 
and the DDV. 

[0029] Figure 5 illustrates a section view of a DDV system 501 utilizing a first flapper 
502 and a second flapper 504. An aperture 505 through the second flapper 504 
permits fluid flow through the second flapper 504. Thus, the first flapper 502 
provides the necessary seal in a bore 510 required to isolate formation pressure 
below the first flapper 502 when tripping in a tool string (not shown) above the DDV 
system 501. The aperture 505 through the second flapper 504 allows pressure 
above and below the second flapper 504 to equalize when both flappers 502, 504 
are closed. Therefore, a biasing member 508 maintains the second flapper 504 
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closed without being aided by fluid pressure unlike the first flapper 502, which is 
acted on by fluid pressure to aid in maintaining the first flapper 502 closed. 

[0030] The DDV system 501 having the first and second flappers 502, 504 provides 
a fail safe operation of the DDV system 501 in the event that an object (not shown) 
is dropped onto the DDV system 501. Depending on the energy of the dropped 
object, the first flapper 502 may stop the downward fall of the dropped object while 
sustaining damage that may prevent the first flapper 502 from sealing pressure from 
below. However, the aperture 505 in the second flapper 504 serves as a choke or 
metering flapper that prevents the flow rate from being large enough to eject the 
dropped object from the well or cause an unmanageable pressure increase at the 
surface. Alternatively, the first flapper 502 may not provide a sufficient counter force 
to stop the dropped object. Thus, the dropped object falls past the first flapper 502 
and contacts the second flapper 504, which opens to permit the dropped object to 
pass through without significantly damaging the second flapper 504. The first 
flapper 502 may be damaged after being struck by the dropped object and may no 
longer isolate the bore 510 above the DDV system 501 from wellbore pressure. 
Once the dropped object passes through the second flapper 504, the second flapper 
504 closes again to seal pressure from below while permitting a safe metered flow 
through the aperture 505. In operation, the second flapper 504 tends to open 
without sustaining substantial damage since the second flapper 504 is only held 
closed by the biasing force of the biasing member 508 plus the pressure drop across 
the second flapper 504, which is minor compared to the pressure across the first 
flapper 502 due to the aperture 505 through the second flapper 504 that permits 
pressure equalization above and below the second flapper 504. 

[0031] In an alternative embodiment of the DDV system 501 , the first flapper 502 or 
an additional flapper above the first flapper 502 is an upward opening flapper. 
Depending on whether the second flapper 504 includes the aperture 505, the 
second flapper 504 may seal pressure below or provide the choke as described 
above. The upward opening flapper is the first to be contacted by the dropped 
object and is capable of transferring downward forces from the dropped object to the 
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seat of the upward opening flapper. Due to the upward opening flapper and its 
interaction with its seat, the upward opening flapper is capable of withstanding a 
greater load and stopping a greater force from a dropped object than a downward 
opening flapper. 

[0032] As shown in Figure 5, the first and second flappers 502, 504 are close in 
proximity to each other and are actuated in series using a single actuator 
mechanism (not shown) to longitudinally move a flow tube 506. The flow tube 506 
moves downward to a first position in order to displace and open the first flapper 
502. Continued downward movement of the flow tube 506 to a second position 
additionally displaces and opens the second flapper 504. By stopping the flow tube 
506 at the first position with only the first flapper 502 open, tests based on the flow 
through the aperture 505 may be conducted to determine such characteristics as 
flow rate or production quality. Additionally, flow through the aperture 505 may 
permit limited production during certain completion operations. 

[0033] In the alternative, the flappers 502, 504 may be separated by any distance 
and may be actuated in parallel such that all the flappers open simultaneously. For 
example, each flapper 502, 504 may be part of a separate DDV component of the 
DDV system 501 with each DDV component having its own actuation mechanism. 
A wellbore may be equipped with a DDV system 501 having any number of flappers 
or valve members associated with any number of DDV components. Additionally, 
the second flapper 504 or an additional flapper (not shown) may be a solid flapper 
like the first flapper 502 in order to provide redundant sealing of the DDV system 
501 as may be desired. Using multiple flappers in a DDV system allows the DDV 
system to isolate higher pressures since the flappers may be used to incrementally 
hold pressure to a predefined specification by staging pressure across the flappers. 

[0034] Figure 6 illustrates a section view of an acceleration actuated brake 601 
within a tool string 602 shown in an unset position after tripping the tool string 602 in 
above a closed DDV 604. The brake 601 includes an assembly of subs forming the 
main body 606 that connects into the tool string 602. The brake 601 preferably is 
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disposed in the tool string 602 as close to the bottom of the tool string 602 as 
possible. Disposed about the main body 606 is a friction drag block 608 biased 
outward by a biasing member 610 and mounted in thrust and journal bearing 
assemblies 612, a slip retraction biasing member such as a spring 614, a spring 
housing 616, and an anchoring member such as slips 618. In operation, the drag 
block 608 biases against an inside surface of casing 620. The thrust and journal 
bearing assemblies 612 permit rotation of the drag block 608 with respect to the 
body 606 for drilling operations. Friction between the drag block 608 and the casing 
620 creates a drag force during downward movement of the tool string 602. The 
spring 614 acts on an inward shoulder of the spring housing 616 and an outward 
shoulder of the body 606 to bias the spring housing 616 and the drag block 608 
located adjacent a lower end of the spring housing 616 downward relative to the 
body 606 against the drag force that urges the drag block 608 and the spring 
housing 616 upward relative to the body 606. At normal downward velocities of the 
tool string 602 during tripping in of the tool string 602, the drag force is insufficient to 
overcome the bias of the spring 614 such that the spring housing 616 remains in a 
lower position and the slips 618 remain in the unset position. An internal conical 
surface 622 of the slips 618 contacts a mating external conical surface 624 of the 
body 606 along a minor end of the mating external conical surface 624 when the 
brake 601 is in the unset position. 

[0035] Figure 7 shows the brake 601 in a set position after dropping the tool string 

602 above the closed DDV 604. As downward velocity of the tool string 602 

increases once the tool string 602 is dropped, the drag force caused by the friction 

between the drag block 608 and the casing 620 increases. Thus, the increased 

drag force at a predetermined level overcomes the bias of the spring 614 to 

compress the spring 614 as the drag block 608 pushes the spring housing 616 

upward relative to the body 606. A top end of the spring housing 616 acts on the 

slips 618 to slide the internal conical surface 622 of the slips 618 along the mating 

external conical surface 624 of the body 606. Movement of the slips 618 toward a 

major end of the mating external conical surface 624 causes the slips 618 to move 

outward in a radial direction. Thus, the slips 618 contact the inside of the casing 620 

12 



PATENT 

Attorney Docket No.: WEAT/0259.P2 
Express Mail No.: EV416701130US 

in the set position of the brake 601 and prevent movement of the tool string 602 
through the casing 620. An outside surface of the slips 618 may have formations 
such as case hardened pointed wickers 626 that penetrate the inside surface of the 
casing 620 in order to further anchor the tool string 602 relative to the casing 620. 
The slips 618 can be fully retracted so that the brake 601 may be used again by 
picking up the tool string 602, which forces the slips 618 toward the minor end of the 
external conical surface 624. 

[0036] In an alternative embodiment of the brake 601, an electronic module (not 
shown) replaces the drag block 608 and includes an accelerometer to detect the 
velocity of the brake 601. The electronic module may be powered by a battery 
carried on the brake 601. Thus, a signal from the accelerometer indicating that the 
tool string is free falling operates to set an anchoring member against the casing. 

[0037] A shock attenuating material such as sand, fluid, water, foam or polystyrene 
balls may be placed above the DDV in combination with any aspect of the invention. 
For example, placing a water or fluid column above the DDV cushions the impact of 
the dropped object. 

[0038] While the foregoing is directed to embodiments of the present invention, other 
and further embodiments of the invention may be devised without departing from the 
basic scope thereof, and the scope thereof is determined by the claims that follow. 
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